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Pressure overload hypertrophy of the left ventricle is
associated with abnormal left ventricular early diastolic
filling. The roles of the extent of cardiac hypertrophy,
depressed left ventricular systolic function and aging in
the pathogenesis of left ventricular diastolic dysfunction
have not, however, been fully defined. To determine the
relative importance of these factors in the pathogenesis
of diastolic dysfunction in pressure overload hypertro-
phy, 16 children and 2S adults with aortic stenosis were
compared with 48 normal children and adults, using
rates of left ventricular early diastolic filling and wall
thinning derived from M-mode echocardiography.
Left ventricular early diastolic filling and wall thin-
ning rates were significantly depressed in both children
and adults with aortic stenosis as compared with values
Left ventricular hypertrophy in response to chronic pressure
overload is believed to be an adaptive mechanism serving
to normalize systolic wall stress and, thus, preserve systolic
function (1-3). Left ventricular systolic performance is nor-
mal in many but not all patients with aortic stenosis (3-5);
systolic dysfunction may result from high wall stress due
to inadequate hypertrophy, impaired contractility, or both.
Despite its tendency to preserve systolic function, pressure
overload hypertrophy is associated with abnormal early di-
astolic relaxation and filling (6-10), which in turn may
contribute to the clinical manifestations of aortic stenosis.
The mechanism of left ventricular diastolic dysfunction
in chronic pressure overload hypertrophy has not been de-
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in normal subjects. Filling and thinning rates correlated
negatively with age, left ventricular peak systolic pres-
sure and wall thickness in all subjects. Furthermore, the
effect of age on diastolic function appeared to be me-
diated by age-related increases in systolic pressure and
wall thickness. In adults with aortic stenosis, early di-
astolic filling and wall thinning rates were depressed to
a similar extent in subjects with normal and abnormal
systolic function; thus, diastolic dysfunction does not
appear to be a manifestation of abnormal systolicloading
and ejection performance. These results suggest that ex-
tent of hypertrophy itself plays a dominant role in the
mechanism of impaired left ventricular early diastolic
filling in pressure overload due to aortic stenosis.
(J Am Coll CardioI1985;5:1147-54)
termined. The relative importance of aging, the extent of
hypertrophy and depressed systolic function in association
with high afterload is not known, Children with aortic ste-
nosis almost invariably demonstrate normal or supranormal
systolic performance (8, 11,12), reflecting normal or low
systolic wall stress (12). In contrast, some adults with aortic
stenosis have depressed systolic function due to excessively
high systolic wall stress (3). In this regard, there is exper-
imental evidence of a direct relation between the extent of
muscle shortening and early diastolic muscle relaxation
(13,14). If high systolic wall stress and impaired ejection
performance play an important role in the pathogenesis of
diastolic dysfunction, some adults with aortic stenosis would
be expected to have a greater impairment of diastolic filling
than would children with the same extent of hypertrophy.
On the contrary, if hypertrophy itself is the principal de-
terminant of impaired early diastolic function, then the re-
lation between the extent of hypertrophy and degree of im-
pairment of left ventricular early diastolic function should
be similar for adults and children. To address this issue, we
compared left ventricular early diastolic filling and wall
thinning rates in children and adults with aortic stenosis
with those in normal children and adults.
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Methods
Study patients. The study group was made up of 41
patients (aged 3 to 87 years) with valvular aortic stenosis
and 48 normal subjects (aged 4 to 75 years). The normal
subjects had no history or physical findings suggestive of
cardiovascular disease (including hypertension) and had
normal echocardiographic examinations. The patients with
aortic stenosis had peak to peak aortic valve gradients of at
least 30 mm Hg, trivial aortic regurgitation at most and no
other significant valvular disease. In patients 40 years or
older, coronary arteriography was performed during diag-
nostic cardiac catheterization and patients with significant
coronary artery stenosis were excluded.
The study group was divided into four smaller groups:
group I, normal subjects 26 years or younger; group 2,
normal subjects 40 years or older; group 3, patients with
aortic stenosis 26 years or younger and group 4, patients
with aortic stenosis 40 years or older. To match the ages
of the normal subjects with those of the patients with aortic
stenosis, normal subjects between the ages of 26 and 40
were excluded from this portion of the analysis. In the
subjects with aortic stenosis, left ventricular peak systolic
pressure was measured at the time of cardiac catheterization;
in the normal subjects, peak systolic pressure was estimated
by cuff systolic arterial pressure at the time of echocar-
diography.
Data collection and analysis. An Irex System II or ATL
Mark 600 ultrasound module with a 2.25 or 3.5 MHz trans-
ducer was used for M-mode echocardiographic recordings.
The transducer beam was directed perpendicularly to the
long axis of the left ventricle just below the tip of the anterior
leaflet of the mitral valve.
The posterior wall epicardial and endocardial surfaces
and the left septal surface were digitized at approximately
4 ms intervals from the peak of the R wave of the electro-
cardiogram to the R wave of the subsequent beat with a
hand-controlled cursor (Bit Pad One, Summagraphics). The
data were entered into a computer (Mine II, Digital Equip-
ment Corporation), and left ventricular dimension (D) and
posterior wall thickness (h) were calculated throughout the
cardiac cycle. End-diastolic dimension (Oed)and wall thick-
ness (hed) were measured at the peak of the R wave. For
each beat, minimal value of chamber dimension (Dmin) and
maximal value of wall thickness (hmax) were selected.
Fractional shortening (%tliJ) was calculated as %~D
= ~DlDed' where ~D = Oed - Dmin. The early diastolic
portion (beginning at Dmin and hmax' respectively) of each
chamber dimension and wall thickness plot was approxi-
mated by a sixth order polynomial function using least-
squares regression analysis (15).
The maximal rates of left ventricular chamber filling (PFR)
and posterior wall thinning (PTR) were calculated by nu-
merical differentiation of the polynomial functions. To ob-
tain highly accurate polynomial fits of the chamber dimen-
sion and wall thickness data and true maximal values of the
derivatives, the early to mid-diastolic end point of the period
over which these data were fit was systematically varied;
values for peak filling rate and peak thinning rate were
accepted only when the fits were numerically close (r >
0.999) and visually identical (Tektronix 4006 display ter-
minal). Inter- and intraobserver variability coefficients in
our laboratory are 2.3 and 1.9%, respectively, for peak
filling rate and 3.2 and 2.6%, respectively, for peak thinning
rate (15).
Indexes of early diastolic function. Both raw and nor-
malized peak filling and wall thinning rates were calculated.
To normalize the indexes, we divided peak filling rate
by fractional shortening (~D) and peak thinning rate by
~h, where ~h = hmax - hed (change in wall thickness).
We chose this approach, as have others (16-18), because
it corrects for differences in ventricular size and wall thick-
ness without "automatically" generating low values in the
presence of abnormal systolic function or hypertrophy.
This approach is supported by the study of Tamiya et al.
(17), who found that the maximal lengthening velocity
(dLldtmax)of the canine papillary muscle was linearly related
to the extent of muscle shortening (~L); furthermore, the
normalized lengthening velocity (dLldtmax)l~L was inde-
pendent of preload, afterload, contraction frequency and
contractile state. Meerson (18) has termed this ratio the
"relaxation index." Moreover, LeCarpentier et al. (14)
showed that maximal lengthening velocity is linearly related
to extent of shortening in papillary muscles from rats with
chronic pressure or volume overload hypertrophy as well
as from normal rats. Similarly, Hammermeister and War-
basse (16) found that angiographically determined filling
rate correlated with stroke volume in normal subjects, sug-
gesting that ventricular filling rate should be normalized by
dividing by stroke volume. These data suggest that length-
ening velocity normalized for extent of shortening and wall
thinning rate normalized for extent of thickening may be
indexes of early diastolic function that are independent of
the effects of contractility and loading conditions on systolic
function. For each patient, values of each variable were
obtained for three consecutive beats and then averaged.
Statistical analysis. Data are expressed as mean ± stan-
dard deviation, except as otherwise indicated. Comparisons
between the normal and aortic stenosis groups were made
by unpaired t test; differences were considered significant
at p < 0.05. Comparisons among the four subgroups were
made by one-way analysis of variance; overall differences
were considered significant at p < 0.05. For those variables
for which overall differences were significant, comparisons
between pairs of subgroups were made using Bonferroni's
method for multiple simultaneous comparisons. Thus, dif-
ferences between pairs among the groups were considered
significant if p < 0.05/4 = 0.0125. Within each group,
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Table 1. Correlation Matrix for Indexes of Early Diastolic Function in Normal Subjects
PFR PFR/AD PTR PTR/Ah
Age -0.35* -0.56+ -0.39t -0.69+
HR 0.05 0.20 0.02 0.16
~AP -0.11 - O.4ot -0.17 -0.5It
hed -0.31* - 0.48+ -0.29* -0.57+
Ah d.37t 0.04 0.37t -0.28
qed 0.16 -0.27 0.11 -0.23
LlD 0.34* -0.24 0.16 -0.25
%AD 0.~3* -0.03 0.13 -0.09
*p < 0.05; tp < 0.01; +p < 0.001. AD = extent of shortening; %AD = percent fractional shortening;
Oed = end-diastolic dimension; Ah = extent of thickening; hed = end-diastolic wall thickness; HR = heart
fate; PFR = peak left ventricular early diastolic filling rate; PFR/AD = normalized peak filling rate; PTR =
peak left ventricular early diastolic wall thinning rate; PTR/Ah = normalized peak thinning rate; SAP =
systolic arterial pressure.
4Or------------------,
Figure 1. Relation between age and normalized peak left ven-
tricular early diastolic wall thinning rate (PTR/Ah) for the 48
normal subjects. There was a significant negative correlation be-
tween age and normalized wall thinning rate.
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57 mm) and of %~D (30 to 45%) were relatively narrow
in these normal subjects.
Early diastolic function in aortic stenosis. Peak filling
rate (PFR) (114 ± 45 versus 162 ± 48 mmls), PFRJ~D
(7.9 ± 2.6 versus 10.3 ± 3.0s-1),peakthinningrate(PTR)
(70 ± 33 versus 119 ± 39 mrnls) and PTRJ~D (12.9 ±
5.0 versus 19.0 ± 5.7 s -I) were significantly lower (p <
0.001) in the patients with aortic stenosis than in normal
subjects. Peak filling rate and peak thinning rate (r == 0.91,
p < 0.001) and PFR/~D and PTR/~h (r == 0.80, p < 0.001)
correlated closely in patients with aortic stenosis. Correla-
tion coefficients for these indexes and the clinical and echo-
cardiographic variables in this group are shown in Table 2.
As in the normalgroup, peak fillingrate correlated positively
with extent of shortening (~D), and peak thinning rate cor-
related positively with extent of thickening (~h).
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Results
Determinants of early diastolic function in normal
subjects. For the group of 48 normal subjects, peak filling
rate (PFR) was 162 ± 48 mmls, PFRJ~D was 10.3 ± 3.0
s I, peak thinning rate (PTR) was 119 ± 39 mmls and
PTR/~h was 19.0 ± 5.7 s I. As expected, there were
strong correlations between peak filling rate and peak thin-
ning rate (r == 0.85, P < 0.001) and between PFR/~D and
PTR/~h (r == 0.77, P < 0.001). Coefficients for the cor-
relations between clinical and echocardiographic variables
and the indexes of early diastolic function are shown in
Table I. Peak filling rate correlated positively with extent
of shortening (~D), and peak thinning rate correlated pos-
itively with extent of thickening (Ah).
For the 48 normal subjects, left ventricularearly diastolic
wall thinning (Fig. I) and filling rates decreased with age.
The inverse correlation between filling and thinning rates
and age was stronger when the rates were normalized for
extent of shortening and of thickening, respectively (Table
I). Both systolic arterial pressure and end-diastolic wall
thickness correlated negatively with the normalized early
diastolic filling and wall thinning rates (Fig. 2). Age cor-
related positively with systolic arterial pressure (r == 0.60,
P < 0.001) and with end-diastolic wall thickness (r == 0.58,
P < 0.001). Thus, in normal subjects, aging was associated
with higher systolic arterial pressure, an increase in wall
thickness and decreases in rates of early diastolic filling and
wall thinning.
In normal subjects, there was no significant correlation
between left ventricular early diastolic function and heart
rate, end-diastolic dimension (Ded ) or percent fractional
shortening (%~D). Although the range of heart rates was
quite wide (46 to 124 beats/min), the ranges of Ded (32 to
associations between indexes of early diastolic function and
clinical and echocardiographic variables were tested by lin-
ear correlation.
1150 FIFER ET AL.
DIASTOLIC FUNCTION IN AORTIC STENOSIS
lACC Vol. 5. No.5
May 1985:1147-54
40
n=48
r =-0.57
•
p<0.OO1
30 •
•
.;:-.. •~ • • •• • • •
"=::
• I •~ 2Of- • I•~ • • • I• t •It. •• • • • •• •
10 •
• •
I I
o 4 6 8 10 12
Posterior Woll Thickness(mm)
Figure2. Relation between left ventricular end-diastolic posterior
wall thickness and normalized peak left ventricular early diastolic
wall thinning rate (PTR/~h) for the48 normal subjects. There was
a significant negative correlation between wall thickness and nor-
malized wall thinning rate.
As was seen in the normal subjects, left ventricular early
diastolic filling and wall thinning rates correlated negatively
with age, peak systolic pressureand end-diastolicwall thick-
ness (Table 2). As in the normal group, age correlated
positively with peak systolic pressure (r = 0.75, P < 0.00 I)
and withend-diastolic wall thickness(r = 0.59, P < 0.001).
In the patients with aortic stenosis, left ventricular end-
diastolic pressure correlated weakly with peak filling rate (r
= -0.44, P < 0.01) and peak thinning rate (r = -0.35,
p < 0.05), but not at all with PFR/dD or PTR/dh. In
contrast, there was a stronger correlation between end-di-
astolic pressure and indexes of systolic function, namely,
percent fractional shortening (r = -0.69. P < 0.001) and
end-diastolic dimension (r = 0.53, p < 0.001).
Comparisons between patients with aortic stenosis and
age-matched normal subjects. To further evaluate the in-
fluence of pressure overload hypertrophy on early diastolic
function, we compared clinical and echocardiographic data
for children and adults with aortic stenosis with data in age-
matched control groups (Table 3). Left ventricular peak
systolic pressurewas higher inolder (group2) than in young-
er (group I) normal subjects. Aortic valve gradients were
similar in younger (group 3) and older (group 4) patients
with aortic stenosis; left ventricular systolic pressure and
end-diastolic wall thickness were higher in the older sub-
jects, reflecting higher systolic arterial pressure in this group.
Within the older group with aortic stenosis, in which there
was a wide range of ejection performance (extent of short-
ening) (%dD 14 to 49%), there was no correlation between
%dD and peak filling or thinning rate. Peak filling rate was
91 ± 31 mm/s for the 16 adult patients with normal %dD
(~26%) and 96 ± 23 mrnls in the 9 adult patients with low
%dD (:=;25%).
Posterior wall peak thinning rate (PTR) and PTR/dh
were significantly lower in both younger and older patients
with aortic stenosis than in the age-matchedcontrol groups.
A similar trend was found for left ventricular peak filling
rate (PFR) and PFR/dD, although not all of the differences
achieved statistical significance. Peak thinning rate was lower
in adults than in children with aortic stenosis (Fig. 3); this
finding was associated with greater wall thickness in adults
with aortic stenosis.
Discussion
Normalization of early diastolic filling and thinning
rates. Evaluationof left ventricularearly diastolic function
has traditionally been based on indexes derived from high
fidelity pressure measurements (10,19,20). More recently,
attention has been focused on rates of ventricular filling and
wall thinning assessed from contrast or radionuclide ven-
triculography or high quality M-mode echocardiography
(7-9.15,16,21-29). Application of these indexes to the study
of diastolic function in patients with heart disease, however,
Table 2. Correlation Matrix for Indexes of Early Diastolic Function in Subjects with
Aortic Stenosis
PFR PFR/dD PTR PTR/dh
Age -0.51t - 0.39' -0.46t -O.44t
HR 0.31' 0.48t 0.24 0.41t
LVPSP -0.44t - 0.42t -0.37' -0.46t
AVG -0.22 -0.27 -0.24 -0.26
LVEDP -0.44t -0.08 -0.35' -0.14
hed -0.34' -0.30' -O.4lt - 0.32*
dh 0.43t 0.03 0.48t -0.24
Ded -0.004 0.08 -0.02 -0.14
dO 0.56+ -0.07 0.46t -0.06
%dD o.aor -0.06 0.35' 0.12
'p < 0.05; tp < 0.01; +p < 0.001. AVG = peak to peak aortic valve gradient; LVEDP = left ventricular
end-diastolic pressure; LVPSP = left ventricular peak systolic pressure; other abbreviations as in Table I.
lACC Vol. 5. No.5
May 1985: 1147-54
FIFER ET AL.
DIASTOLIC FUNCTION IN AORTIC STENOSIS
Table 3. Clinical, Hemodynamic and Echocardiographic Data for the Four Subject Groups
Nonnal Subjects Subjects With Aortic Stenosis
Group I Group 2 Group 3 Group 4
(n = 19) (n = 19) (n c. 16) (n = 25)
Age (yr) 15 + 7 54 + 10* 14 ± 7 62 ..t 12:/:
HR (beats/min) 77± 18 74 ± II 82 -+: 15 7J:t- 12
LVPSP (rnm Hg) III + 9 127 + 15* 164 ± 19* 212 ± 25t:/:
AVG (mm Hg) 66 ± 18 78 ± 25
LVEDP (rnrn Hg) 12 ± 4 24 ± II:/:
hed (rnrn) 7.7 ± 1.5 9.3 "- 1.5 10.5 ± 2.2* 14.7 ± 2.5t:/:
Dod (mrn) 42 ± 7 44 ± 4 38 ± 8 47 ± 8:/:
%LlD 35 ± 3 37 ± 4 42 ± 6* 30 ± 9t:/:
PFR (mmls) 168 ± 38 143 ± 46 147 ± 48 92 ± 28t:/:
PFR/LlD (s I) 11.5 ± 3.0 8.7 ± 2.7* 9.2 ± 2.3* 7.1 ± 2.5
PTR (minis) 129 ± 32 roo ± 38* 92 ± 36* 55 ± 20t:/:
PTR/Llh (s I) 12.5 ± 4.6 14.7 ± 4.2* 16.0 ± 4.9* 11.0 ± 4.0 t:/:
*p < 0.0125 versus group L tp < 0.0125 versus group 2::/:p < 0.0125 versus group 3. Subjects in groups
I and 3 were 26 years old or less: those in groups 2 and 4 were 40 years or older. Abbreviations as in Tables
I and 2.
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has been limited by the difficulty in normalizing for differ-
ences in ventricular size arising from either variation in body
size or abnormal ventricular dilation or hypertrophy. Ap-
proaches to normalizing the peak rates of ventricular filling
have included dividing by instantaneous (9,21) or end-di-
astolic (16,25-29) dimension (or volume). These techniques
allow for correction of the indexes for physiologic variations
in ventricular size and wall thickness. In the presence of
ventricular dilation associated with systolic dysfunction,
however, indexes of diastolic function normalized in this
fashion will be artifactually depressed because of an increase
in instantaneous and end-diastolic dimensions. Because of
Figure 3. Relation between left ventricular end-diastolic posterior
wall thickness and peak left ventricular early diastolic wall thinning
rate for the four groups of subjects. Means and standard errors of
the mean are shown. AS = aortic stenosis.
150..-------------------,
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the confounding influence of systolic function, these ap-
proaches preclude independent assessment of diastolic func-
tion. Similarly, when the peak rate of wall thinning is di-
vided by instantaneous (23) or end-diastolic wall thickness,
this index may be artifactually depressed in the presence of
hypertrophy. whether or not actual diastolic dysfunction is
present.
In this study, we utilized an alternative approach to the
normalization of early diastolic filling and wall thinning
rates that allows for physiologic and pathologic variation in
ventricular size and wall thickness, but does not "auto-
matically" depress these indexes in the presence of systolic
dysfunction. To accomplish this, we divided peak filling
rate by .lD, the absolute extent of left ventricular dimension
shortening during systolic ejection, and peak thinning rate
by Llh, the extent of change in wall thickness (16-18). In
both normal subjects and those with pressure overload hy-
pertrophy due to aortic stenosis, peak filling rate correlated
linearly with extent of shortening and peak thinning rate
with extent of thickening.
Determinants of filling and thinning rates in normal
subjects. Because the effects of age, heart rate and ejection
performance on peak thinning and filling rates have not been
fully defined in a normal population, we assessed the stan-
dard and normalized indexes in a normal population with a
wide range of ages. We found that age has a significant
influence on early diastolic function, with increasing age
associated with lower peak rates of left ventricular early
diastolic chamber filling and wall thinning. Because age
correlates positively with systolic arterial pressure and end-
diastolic posterior wall thickness. it is possible that the neg-
ative effect of aging on early diastolic function may be
mediated by concomitant changes in afterload and left ven-
tricular mass. Previous studies (26,28) of the relation be-
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tween age and ventricular filling have not demonstrated a
correlation between these variables; it is likely that we were
ableto demonstrate a negative correlation in our study be-
cause of a wider age range than those in the earlier
investigations.
In normal subjects, heart rate at rest did not correlate
with peak filling and thinning rates . This finding is in agree-
ment with those of previous studies (16,26,28). Percent
fractional shortening (%LlD) did not correlate with peak
thinning rate in normal subjects, but did correlate weakly
with peak filling rate; this association was abolished, as
expected, when peak filling rate was normalized by dividing
by extent of shortening. Bahler et al. (28), in contrast, found
that peak filling rate correlated strongly with shortening
fraction in a normal population, even when this index was
normalized for end-diastolic dimension; their normal sub-
jects, however, exhibited a surprisingly wide range of sys-
tolic performance (%LlD 25 to 52%), suggesting that con-
founding factors such as high levels of sympathetic activity
or wide range of left ventricular preload and afterload may
have been present in some patients .
Mechanism of impaired early diastolic filling and thin-
ning in aortic stenosis. Abnormalities in early diastolic
function have been detected in patients with pressure over-
load hypertrophy (6-9,16,22) and patient s with hyper-
trophic cardiomyopathy (6,9,15 ,25). Gibson et al. (7) dem-
onstrated that echocardiographic peak filling rate is de-
pressed in aortic stenosis , and Friedman et al. (8) extended
this observation to children with aortic stenosis.
A number ofmechanisms could account for these obser-
vations. It has recently been appreciated that high systolic
load and reduced extent of systolic shortening may be as-
sociated with abnormal diastolic relaxation in experimental
models (13,14,17). In adults with inadequate hypertrophy
in response to chronic pressure overload , systolic wall stress
is excessive and ejection performance is depressed (3); it is
possible that left ventricular filling and wall thinning might
be slowed as a result. In contrast , children with aortic ste-
nosis almost invariably have normal or low systolic wall
stress (12), as reflected by normal or supranormal systolic
function (8, 11,12). If depressed ejection performance as-
soc iated with abnormal systolic loading were an important
cause of abnormal diastolic filling in aortic stenosis, it would
be expected that children with aortic stenosis would have
normal diastolic filling, and that a relation between systolic
ejection performance and early diastolic filling could be
detected in adults with aortic stenosis with a wide range of
systolic performance.
We found , however, that children with aortic stenosis
and high percent fractional shortening have low absolute
and normalized early diastolic filling and wall thinning rates
as compared with an age-matched control group. Further-
more, in adults with aortic stenosis and a wide range of
ejection performance, there was no apparent relation be-
tween percent fractional shortening and early diastolic filling
and wall thinning rates . This suggests that impaired ejection
performance due to afterload mismatch is not a major con-
tributing factor to impaired filling and wall.thinning in either
children or adults with aortic stenosis. In both children and
adults with aortic stenosis, there is a close correlation be-
tween left ventricular wall thickness and peak filling and
thinning rates. This supports the hypothesis that hypertrophy
itself is the major determinant of abnormal early diastolic
filling and thinning in pressure overload hypertrophy due to
aortic stenosis . Abnormal diastolic filling is more pro-
nounced in adults with aortic stenosis than in children with
aortic stenosis, possibly because of the presence of greater
extent of hypertrophy in adults . Our.data suggest that in the
presence of similar aortic valve gradients, the greater extent
of hypertrophy in adults reflects higher systemic artery
pressure.
Role of hypertrophy. Grossman et al. (30) studied left
ventricular diastolic function as assessed from late diastolic
pressure-diameter relations in 24 patients with a variety of
cond itions associated with various degrees of hypertrophy .
They demonstrated a close correlation between left ventric -
ular stiffness at end-diastole and end-diastolic posterior wall
thickne ss. In subjects with aortic valve disease , Schwarz et
al. (31) found that left ventricular end-diastolic pressure and
measures of stiffne ss correlated with myocardial cell di-
ameter but not with percent fibrosis in left ventricular biopsy
specimens . suggesting that hypertrophy itself is responsible
for abnormal diastol ic propertie s in this condition . The in-
fluence of cardiac hypertrophy on early diastolic relaxation
and tilling may be mediated in part by intrinsic biochemical
abnormalities of cytosolic calcium regulation in hypertro-
phied myocardium. In this regard. there is evidence from
mammalian models of cardiac hypertrophy that the duration
of the intracellular calcium transient and the time course of
diastolic tension decay are prolonged in hypertrophied myo-
cardium (32).
Role of ischemia. Our study is also consistent with the
possibility that the apparent negative influence of extent of
left ventricular hypertrophy on diastolic filling and wall
thinning is mediated in part by ischemia. Animal studies
(33,34) have shown that in the presence of pressure overload
hypertrophy, subendocardial ischemia can be induced by
augmentation of myocardial oxygen demand, as would oc-
cur with exercise in patient s with aortic stenosis . Intermittent
ischemia has also been demonstrated in patients with aortic
stenosis and normal coronary arterie s (35). Repeated epi-
sodes of subendocardial ischemia are believed to result in
the patchy interstitial fibrosis that has been noted in patients
with aortic stenosis (3 1,36) . Either ischemia (37) or fibrosis
(36) associated with marked hypertrophy could contribute
to impaired early diastolic left ventricular function in both
children and adults with aortic stenosis.
Limitations of the study. Several limitations of this
study need to be emphasized. Pollick et al. (38) noted intra-
and interobserver variability in echocardiographic peak rates
lACC Vol. 5, No.5
May 1985:1147-54
FIFER ET AL.
DIASTOLIC FUNCTION IN AORTIC STENOSIS
1153
of wall thinning and chamber filling. In addition, regional
differences in segmental wall thickening and excursion (39)
and their rates of change (38) have been demonstrated. We
attempted to make our measurements at a standard region
of the ventricle in all patient groups. Although we do not
believe that systematic errors in comparisons between groups
were introduced because of these considerations, it is likely
that some of the variability within groups resulted from
them.
Second, we were unable to directly calculate systolic wall
stress in our subjects with aortic stenosis because echocar-
diographic and hemodynamic measurements were not, in
general, made simultaneously. In the absence of stress data,
we have inferred information regarding systolic loading from
ejection performance, which closely reflects afterload in
most (3) but not all (4,5) patients with aortic stenosis. Fur-
thermore, we did not perform left ventricular biopsy in our
subjects with aortic stenosis and, therefore, cannot draw
direct conclusions regarding the importance of fibrosis in
the pathogenesis of diastolic dysfunction in this condition;
previous biopsy studies have yielded conflicting results
(31,36).
Finally, while extent of hypertrophy as judged by pos-
terior wall thickness correlated strongly with rates of left
ventricular early diastolic chamber filling and wall thinning
in our subjects, end-diastolic pressure correlated only weakly
with wall thickness, and not at all with the normalized
indexes of early diastolic function. Because end-diastolic
pressure correlated strongly with end-diastolic dimension
and percent fractional shortening in our subjects with aortic
stenosis, it appears that systolic performance rather than
early diastolic function was the most important factor in-
fluencing end-diastolic pressure.
Conclusions. In both normal subjects and patients with
aortic stenosis, aging is associated with higher systemic
artery pressure, greater wall thickness and slower early di-
astolic wall thinning and chamber filling. In children and
adults with aortic stenosis, early diastolic filling and wall
thinning rates were depressed in comparison with values in
age-matched control subjects. Hypertrophy itself, rather than
excessive wall stress and depressed ejection performance,
appears to account in large part for abnormal early diastolic
filling and wall thinning in pressure overload hypertrophy
due to aortic stenosis.
We gratefully acknowledge the helpful comments and suggestions of
William Grossman, MD.
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